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Abstract 
,QGLVWDQFHHGXFDWLRQV\VWHPVLWLVYHU\LPSRUWDQWWRSUHGLFWDFDGHPLFSHUIRUPDQFHIRUERWKLQVWUXFWRUVDQGVWXGHQWV
GXULQJ WKHFRXUVHRI WKHVHPHVWHU ,IDQ LQVWUXFWRUFDQSURSHUO\DVVHVVDQGSUHGLFWVWXGHQWSHUIRUPDQFHHDUO\DW WKH
EHJLQQLQJRI WKHVHPHVWHU WKHQ WKH LQVWUXFWRUFDQ WDNHDFWLRQDQGDUUDQJHERWK WKHFRXUVHFRQWHQWDQG WKH WHDFKLQJ
VW\OH7KLV LQ WXUQFRQWULEXWHVJUHDWO\ WR WKH VXFFHVVRI VWXGHQWV ,QRUGHU WRPDNHVXFKDSUHGLFWLRQFRQVWUXFWLQJ
PDWKHPDWLFDOPRGHOVLVRQHRIWKHPRVWHIIHFWLYHDQGHIILFLHQWPHWKRGV$PRQJPDQ\DSSURDFKHVIX]]\ORJLFEDVHG
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V\VWHP DQG WKHUH LV QR WLPH UHVWULFWLRQ WR DWWHQG WKH FRXUVHV ,Q DGGLWLRQ WR WKHVH DGYDQWDJHV LW LV
UHODWLYHO\FKHDSFRPSDUHGWRWUDGLWLRQDOHGXFDWLRQ
(YDOXDWLRQ RI VWXGHQW DFDGHPLF SHUIRUPDQFH LV RQH RI WKH PRVW LPSRUWDQW SDUWV LQ HGXFDWLRQDO
V\VWHPV,QVWUXFWRUVPRQLWRUVWXGHQWV¶OHDUQLQJSURFHVVHVDQGDQDO\]HWKHLUSHUIRUPDQFHEDVHGRQSDSHU
UHFRUGV DQG REVHUYDWLRQ LQ WUDGLWLRQDO HGXFDWLRQ 'LVWDQFH HGXFDWLRQ V\VWHPV SURYLGH GHILQLWH
RSSRUWXQLWLHV IRU LQVWUXFWRUV WRREVHUYH VWXGHQWV¶ DFDGHPLFSHUIRUPDQFH ,Q RUGHU WR HVWDEOLVK WKLV WDVN
LQVWUXFWRUV HQFRXQWHU GLIILFXOWLHV LQ REVHUYLQJ DFDGHPLF SHUIRUPDQFH GXULQJ GLVWDQFH HGXFDWLRQ
7KHUHIRUHZHEORJVVWRUHGLQ/HDUQLQJ0DQDJHPHQW6\VWHPV/06FRXOGEHKHOSIXO IRUREVHUYLQJDQG
DQDO\]LQJOHDUQHUV¶DFDGHPLFSHUIRUPDQFHDVZHOODVSUHGLFWLQJILQDOPDUNV,WLVUHTXLUHGWRPRQLWRUDQG
DQDO\]H VWXGHQWV¶ DFWLYLWLHV LQ GLVWDQFH HGXFDWLRQ V\VWHPV E\ VXLWDEOH VFLHQWLILF UHVHDUFK PHWKRGV 7KH
DELOLW\WRSUHGLFWVWXGHQWV¶SHUIRUPDQFHFRXOGEHXVHIXOIRULQVWUXFWRUVZKRFDQWDNHDSUHFDXWLRQIDLOXUH
RUSUHYHQWVWXGHQWVIURPGURSSLQJRXW
,Q WKLV VWXG\ ZH KDYH LQFRUSRUDWHG WKUHH W\SHV RI ZHE ORJV UHFHQF\ IUHTXHQF\ DQG PRQHWDU\
5HFHQF\ LV HQUROOPHQW WLPH RI VWXGHQWV WKDW VKRZV WKH QXPEHU RI GD\V DIWHU WKH OHFWXUHV KDYH EHHQ
XSORDGHGWR/06)UHTXHQF\LVGHILQHGDVKRZIUHTXHQWO\WKH\ORJJHGRQ+RZORQJWKH\VWD\HGRQOLQHLV
UHJDUGHGDV0RQHWDU\7KHVHGDWDDUH LQFRUSRUDWHG LQWR)X]]\ WRREWDLQDSUHGLFWLRQPRGHO ,QRUGHUWR






RI VWXGHQWV DQG WKH H[SHULPHQWDO UHVXOWV DUH GLVFXVVHG )LQDOO\ FRQFOXVLRQ DQG IXUWKHU UHVHDUFK DUH
UHSRUWHGLQ6HFWLRQ
2. Related Works 
6HYHUDOVWXGLHVIRFXVRQWKHILHOGRIDQDO\]LQJVWXGHQWSHUIRUPDQFHLQGLVWDQFHOHDUQLQJ'LPLWULVDQG
&KULVWRVKDYHHPSOR\HGJHQHWLFDOJRULWKPVDQGGHFLVLRQWUHHVWRHVWLPDWHDFDGHPLFSHUIRUPDQFH
RI GLVWDQFH OHDUQLQJ VWXGHQWV¶ =DIUD DQG 9HQWXUD  KDYH LQFRUSRUDWHG PXOWLSOH LQVWDQFH JHQHWLF
DOJRULWKPVWRSUHGLFWZKHWKHUWKHVWXGHQWVZLOOIDLORUSDVVIRUDFHUWDLQFRXUVH7KLVSUHGLFWLRQKDVEHHQ
EDVHGRQVWXGHQWV¶DFWLYLWLHVVXFKDVTXL]]HVDVVLJQPHQWV DQGIRUXPV/\NRXUHQW]RXHWDO KDYH
SHUIRUPHG D VWXGHQW DFKLHYHPHQW SUHGLFWLRQ PHWKRG DSSOLHG WR ZHHN LQWURGXFWRU\ OHYHO HOHDUQLQJ
9DQGDPPHHWDOKDYHVWXGLHGDPRGHOE\PHDQVRIQHXUDOQHWZRUNVSURFHGXUHLQ6$6(QWHUSULVH
PLQLQJ7KH\ KDYH FDWHJRUL]HG VWXGHQWV LQWR WKUHHJURXSV DV ³WKH ORZULVN´ ³PHGLXPULVN´ DQG ³KLJK
ULVN´ ZKR KDYH D KLJK SUREDELOLW\ RI IDLOLQJ .RWVLDQWLV HW DO  KDYH FRQGXFWHG D VXSHUYLVHG
PDFKLQH OHDUQLQJ DOJRULWKP LQ ZKLFK WKH WUDLQLQJ VHW ZDV FRPSULVHG RI VWXGHQWV¶ NH\ GHPRJUDSKLF
FKDUDFWHULVWLFVDQGWKHLUPDUNRQDIHZZULWWHQDVVLJQPHQWV,EUDKLPDQG5XVOLKDYHXVHGQHXUDO
QHWZRUN GHFLVLRQ WUHH DQG OLQHDU UHJUHVVLRQ WR HVWLPDWH VWXGHQWV¶ DFDGHPLF SHUIRUPDQFH ,Q WKLVZRUN
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ZLWK $UWLILFLDO 1HXUDO 1HWZRUN $11 7D\ODQ DQG .DUDJR]RJOX  KDYH SUHVHQWHG D VWXG\ WKDW
LQWURGXFHV D V\VWHPDWLF DSSURDFK WR GHVLJQ RI D IX]]\ LQIHUHQFH V\VWHP EDVHG RQ D FODVV RI QHXUDO
QHWZRUNV WRDVVHVV WKH VWXGHQWV¶DFDGHPLFSHUIRUPDQFH7KHGHYHORSPHQWPHWKRGXVHG D IX]]\V\VWHP
DXJPHQWHG E\ QHXUDO QHWZRUNV WR HQKDQFH VRPH RI LWV FKDUDFWHULVWLFV OLNH IOH[LELOLW\ VSHHG DQG
DGDSWDELOLW\ZKLFKLVFDOOHGWKH$GDSWLYH1HXUR)X]]\,QIHUHQFH6\VWHP$1),6<XVRIHWDO
KDYHEXLOWDQHYDOXDWLRQRIVWXGHQW¶VSHUIRUPDQFHDQG OHDUQLQJHIILFLHQF\EDVHGRQ$1),6 WRR ,Q WKDW
VWXG\ QHXUDO QHWZRUN DQG IX]]\ KDYH EHHQ XVHG IRU SUHGLFWLQJ VWXGHQW¶V SHUIRUPDQFH EDVHG RQ IRXU
FULWHULDZKLFKDUHVFRUHVHDUQHGWLPHVSHQWQXPEHURIDWWHPSWVDQGKHOSQHHGHG

3. Fuzzy Logic and Genetic Algorithm 




HOHPHQW FDQ EH DPHPEHU RI WZR VHWV DW WKH VDPH WLPH )X]]\ /RJLF LV D IRUP RI WKUHHPDLQ VWDJHV
IX]]LILFDWLRQ UXOHHYDOXDWLRQDQGGHIX]]LILFDWLRQ)X]]LILFDWLRQ LV WKH ILUVW VWHS WKDW WUDQVIRUPV WKHFULVS
LQSXWV LQWR GHJUHHV RIPDWFKZLWK OLQJXLVWLF YDOXHV 5XOH HYDOXDWLRQ LVZKHUH NQRZOHGJH GHULYHG IURP
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3.2 Genetic Algorithm 
7KH *HQHWLF $OJRULWKP *$ LV DQ RSWLPL]DWLRQ DQG VHDUFK WHFKQLTXH EDVHG RQ WKH SULQFLSOHV RI
JHQHWLFV DQG QDWXUDO VHOHFWLRQ +DXSW 	 +DXSW  $ *$ ZRUNV RQ D SRSXODWLRQ RI UDQGRPO\
JHQHUDWHGLQSXWVROXWLRQVV\PEROL]HGE\FKURPRVRPHVWKDWDUHRIWHQUHSUHVHQWHGE\ELQDU\VWULQJV7KH
SRSXODWLRQ LPSURYHV WRZDUG EHWWHU VROXWLRQV E\ DSSO\LQJ JHQHWLF RSHUDWRUV VXFK DV FURVVRYHU DQG
PXWDWLRQ,QHDFKJHQHUDWLRQIDYRUDEOHVROXWLRQVJHQHUDWHRIIVSULQJWKDWUHSODFHWKHLQIHULRULQGLYLGXDOV
&URVVRYHU K\EULGL]HV WKH JHQHV RI WZR SDUHQW FKURPRVRPHV LQ RUGHU WR H[SORLW WKH VHDUFK VSDFH DQG
FRQVWLWXWHV WKHPDLQJHQHWLFRSHUDWRU LQ*$V7KHPXWDWLRQ LVRSHUDWHG WRSURYLGH WKHGLYHUVLW\RIJHQH






4. Method and Results 
,Q WKLV VWXG\ WKH LQIRUPDWLFV FRXUVH RI WKH <LOGL] 7HFKQLFDO 8QLYHUVLW\ <78 0DWODE FRXUVH LV
GHOLYHUHGLQZHEEDVHGHGXFDWLRQGXULQJVSULQJVHPHVWHUIRU&KHPLVWU\VWXGHQWV

0RRGOH 0RGXODU REMHFW RULHQWHG GHYHORSPHQWDO OHDUQLQJ HQYLURQPHQW D IUHH OHDUQLQJ /06 LV
XWLOL]HGIRUWKLVFRXUVH0RRGOHRIIHUVPDQ\DFWLYLWLHVWKDWFDQEHFRPELQHGZLWKOHDUQLQJPDWHULDO,WORJV
HYHU\DFWLYLW\UHSRUW IRUHDFKVWXGHQW WKDW LQGLFDWHV WKHDFWLYLWLHVVXFKDVRSHUDWLRQRQFRXUVHPDWHULDOV
TXL]]HVDQGPHVVDJHVIRUGLIIHUHQWWLPHVDQGGD\V7KLVIDFWHQDEOHVWKHDXWKRUVWRFROOHFWGDWDRQO\IURP
WKHWXWRUVLQYROYHGLQWKLVOHDUQLQJSURFHVV
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:H KDYH ILUVW XVHG &ODVVLFDO )X]]\0RGHO WR SUHGLFW SDVV JUDGHV RI WKH VWXGHQWV  7KHQ ZH KDYH
LPSURYHGWKHPRGHOE\HPSOR\LQJ*HQHWLF2SWLPL]DWLRQ$OJRULWKPWRREWDLQKLJKHUSUHGLFWLRQDFFXUDF\

4.1 Classic Fuzzy Model 
,Q WKLVPRGHO)X]]\0HPEHUVKLSVDUHRUJDQL]HG IRU WKUHH LQSXWGDWD VHWV5HFHQF\)UHTXHQF\DQG
0RQHWDU\$FDGHPLF3HUIRUPDQFH$3LVXVHGDVRXWSXWYDOXHRIWKHPRGHO,QSXWYDOXHVDUHGHWHUPLQHG





















4.1.1 Determining Intervals 

([SHUWRSLQLRQLVWKHPRVWYLWDOIDFWRULQGHWHUPLQLQJLQWHUYDOVDQGIRUPLQJUXOHVZKLOHGHVLJQLQJWKH
PRGHO ZLWK 5)0 GDWD REWDLQHG IURP OHDUQLQJ PDQDJHPHQW V\VWHP RI VWXGHQWV LQ GLVWDQFH HGXFDWLRQ
/RZPHGLXPDQGKLJK LQWHUYDOVIRUHDFKYDOXH LQ5)0YDULDEOHVDUH IRUPHG)RU LQVWDQFH LV5HFHQF\








4.1.2 Determining Membership Functions  
$IWHU WKHGHWHUPLQDWLRQRI LQWHUYDOV LQZKLFKPHPEHUVKLS IXQFWLRQ WKHPRGHO KDVJRW KLJK YDOXH LV
GHWHUPLQHG E\ W\SH0) 7DEOH  SUHVHQWV WKH UHVXOWV RI WKH PRGHO IRUPHG EHIRUH FRQVXOWLQJ H[SHUW
RSLQLRQWKDWVKRZWULPIIXQFWLRQJLYHVEHWWHUUHVXOWFRPSDUHGWRRWKHUIXQFWLRQV
7DEOH$FFXUDF\IRUGLIIHUHQWW\SHRI0)W\SHV















4.2 Genetic-Fuzzy Model 
)X]]\/RJLFUXOHVDQGPHPEHUVKLSIXQFWLRQVDUHIRUPHGDFFRUGLQJWRH[SHUWRSLQLRQZKLFKLVVKRZQ
DV RQH RI WKH ODFN RI WKH IX]]\ ORJLF 7KHUHIRUH IX]]\ PHPEHUVKLS IXQFWLRQV¶ LQWHUYDOVKDYH EHHQ




















WKH VDPH )LJXUH DD DQG D VKRZ RSWLPL]DWLRQ RI 5HFHQF\ )UHTXHQF\ DQG 0RQHWDU\













$IWHU WKH RSWLPL]DWLRQ RI LQWHUYDOV RI PHPEHUVKLS IXQFWLRQV DFFXUDF\ RI SUHGLFWLRQ IRU GLVWDQFH
HGXFDWLRQVWXGHQWV¶DFDGHPLFSHUIRUPDQFHKDVULVHQWR
5. Conclusion  
7R VXP XS D QHZ PRGHO *HQHWLF)X]]\ %DVHG 0DWKHPDWLFDO 0RGHO KDV EHHQ IRUPHG WR SUHGLFW
VWXGHQWV¶SHUIRUPDQFHVLQGLVWDQFHHGXFDWLRQ$FDGHPLF3HUIRUPDQFHKDYHEHHQDWWHPSWHGWRSUHGLFWMXVW
XVLQJ ZHHNV GDWD )X]]\ PHPEHUVKLS LQWHUYDOV KDYH EHHQ GHWHUPLQHG E\ JHQHWLF DOJRULWKP EDVHG
RSWLPL]DWLRQ )LUVWO\ HLJKW GLIIHUHQW PRGHOV KDYH EHHQ IRUPHG E\ XVLQJ YDULHG 0) IRU WKH LQWHUYDOV
IRUPHG LQ FRQVXOWDWLRQZLWK H[SHUW RSLQLRQ7KHEHVW UDWLRRI DFFXUDF\ LV SHUFHQWDPRQJ IRUPHG
PRGHOV DQG LW LV DQ DFFHSWDEOH YDOXH 7KHQ XVLQJJHQHWLF DOJRULWKPWKH RSWLPDOLQWHUYDOVIRU5 )
0ZHUH GHWHUPLQHG DQG SUHGLFWLRQ RI VWXGHQWV¶ DFDGHPLF SHUIRUPDQFH KDV ULVHQ WR  ,Q IXUWKHU
VWXGLHVWKHRSWLPL]DWLRQRIUXOHVXVHGLQWKHIX]]\ORJLFV\VWHPZLOOEHFRQVLGHUHG
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